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Triplet higgs model

The model and new particles

To account for the neutrino masses we extend SM with a simple
scalar triplet: (¢, ®* &*+) with quantum numbers (3,2).
The piece of the lagrangian of interest:

vilt + 0Fv;
Liepton = (Yo )j[®°vjv; + ot 1

V2

The Yukawa couplings in turn are related to neutrinos:

+OFHF] + e,

V2
(My)j = (Y“’)"f%

where p is the triplet coupling to SM Higgs and v the SM Higgs vev.
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Relation to neutrinos

The branching ratios are defined as relative decay widths among all possible decay

channels:
BRj = — 1
ST+ Tww
The decay width in turn gives the relation to the neutrino sector through the Yukawa
coupling:
1 2 P
gl (Yo)il"mex+ =],
M = Mo+ -6 = { "
| (Yo)jPmess %],

Through the above relation the =+ branching ratios are heavily dependent on the
neutrino parameters e.g.:
(BRo)jj = fj (613, 023, 012, 8, a1, v, SigN(Amiaz), mMp)
We can’t use BR-s directly, but we can use their relations:
BRj _ Iy _ Nul(Ye)i® | _ { 1, i#j)
BR« Tw  Njl(Yo)wl2 2, i=]

That limits us to 5 possible equations with 7 unknown variables, so we use
tri-bi-maximal mixing as a guideline:

sin? 61, = 1/3, sin63 =1/2, sin®0;3=0
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Mass determination

Mass hierarchy determination

@ Through combining the uu, ur, ee and en channel branching ratios we
can define a characteristic dimensionless constant:

C, = 2BR,.; +BRur —BRee _ —mi + m5 + 3m3
o BRee + BReu 2m12 + mg ’

@ This dimensionless variable is independent of the phases and uniquely
determines the neutrino hierarchy:
e Cy > 1 —normal mass hierarchy,
@ Cy < 1 —inverted mass hierarchy,
o Cy =~ 1—degenerate masses.
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Mass determination

Lowest neutrino mass determination

ratios (normal hierarchy) |

@ For the normal mass hierarchy: e
2 2 2 e
m; = mi+ Amgy e
:
m; o=+ Amiy + AmGy,
2 2
m2 _ Amg, (4—Cy)+3Amg,
o 3(Ci—1)

@ For the inverted mass hierarchy:
m; = M+ AmG,
m12 = ms + Arngtm - Arnio/
m§ = Am(1 +32((C:11 ):13) Ciam2,,
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Majorana phases

Determination of phase difference

We define again a dimensionless variable:

_ BReu

Co

_2(mE + m5 — 2mym cos Aax)
BRee  4m2 + mZ + 4mym, cos Aa

For the normal hierarchy A« becomes:

R 5C) + (2 — Co)Am?,

4(1 + Cg)m1 1/ m12 —+ Amggl

For the inverted however:

cos A — _2(2Co = V)AME, + (4 — 5Co)(AmEy, + )

4(1 + Co)\/(Bm2y, + mB)(mE + AM2,, — AnE,)
which can be approximated as

4 —5C, Am?
cos Ao = 2 Lo =
4(1 + Co) AmZ,
To get the Majorana phases we can then use the following equation:

C. = 2BR,, —BR,r 2mjz(cos aymy + 2.¢os apmy)
®~ "BRee 1 BRoy

2 2
2ms + m;
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Majorana phases

Plots for Ao dependance

Normal and inverse hierarchy:

Degenerate masses:

‘ Branching ratios (m_ = 0.2 V,a,=0) ‘ \ Branching ratios (m =0.2eV,a, =0) \
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Conclusions

Conclusions

@ If the Higgs triplet is responsible for neutrino masses and found
in HEP experiments like the LHC then better determination of the
neutrino sector parameters is possible

@ Determination of the mass hierarchy and also the lowest mass is
straightforward already soon after the discovery

@ Determination of the Majorana phases requires a big amount of
statistics and could even require a precision measurement
machine like the ILC

@ Our results are valid even when our assumption of the
tri-bi-maximal mixing is wrong, they just need slight adjustments
in the final formulas to account for the small corrections

@ For further details, please refer to:
Kadastik, M., Raidal, M., Rebane, L., "Direct determination of
neutrino mass parameters at future colliders",
Phys.Rev.D77:115023,2008, arXiv:0712.3912
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Non-zero 643

What if 615 # 0?

@ For tri-bi-maximal mixing the following has to hold:
BRe, =BRer & BR.;, =BR,,

@ If these relations don’t hold then tri-bi-maximal mixing does not
hold and we usually have to use more branching ratios to
determine the same quantities

@ Changes in 612 and 623 only change the coefficients in the
equations, however 645 creates qualitative differences

@ As an example if we assume 643 to still be small the C,
parameter takes the following form:

cl = 2BR,, + 2BR;; + 2BR,, — 2BRee  —M5 + m5 +3m}

O(sin® 6
2BRee + BRey + BRer 2m12 + mg +O( 13)
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WW channel

WW channel and vev

The relationship between the WW channel and the leptons is
depending on the decay widths. The WW decay width is:

Tww = M(eTT — WEWT) = kv2.
O]

And the relative contribution to leptons or WW channel depends on
the value of the triplet vev as:

Branching ratio

2x10°° 5x10° 1x10* 2x10#  5x10°* 0001
Triplet vev in GeV

0.002

Blue lines - leptonic decays,
red dashed lines - decays to WW.

Different curves represent different
»++ masses with higher masses
moving the transition point to the
right.
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Mass limits

Previous collider searches

It can easily be: BR(®** — £;4;) =1/6 Vi,

-
T
e

............... N

Excluded 95% Ct.,
s

LEP searches:

The searches at the various LEP experiments
varied a lot, but in general the result was a limit
of 100 GeV. Taking into account possible

o(e*e™—=H""H™) BR(H"—u'u")*(pb)
3
B T

-
°

branching ratios this can be scaled down to L GV
75-80GeV. Pic from hep-ex/0309076v1. & mH(G:‘;) 100
Tevatron searches: t B Wi
DO has searched for only muons and set a limit T RN
at 150 GeV, CDF has included other channels, Expected
however only looking one at a time. Using M \JNRN

realistic branching ratios sets the limit below of &

LEP limit. Pic from 0803.1534v1. §: &
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Mass limits

Mixing of the mass states

As has become evident from experiments, like the quarks the neutrino
flavor and mass eigenstates differ. Their relation is as follows:

(M,)j = U mPU" with m? = diag (m, ma, ms)

with U parameterized as follows:

1 0 0 C13 0 S1397’.(s
U= 0 Co3 So3 0 . 1 0 X
0 —Sx3 Co3 —s13€° 0 Ci3
Cj = cos 0

c2 S22 0 gl 0 0 Sj = sin 0
x| —Si2 ci2 O 0 €e*2 0
0 0 1 0 0 1
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